complex endothelial invasion in a collagen template. Future work will focus on the incorporation of this sphingolipid into our novel hydrogel microsphere drug delivery platform towards a powerful new dermal regenerative template capable of inducing endothelial invasion. Cornell University, Ithaca, NY PURPOSE: Open deep tissue wounds commonly result from severe burns, trauma, chronic diseases, irradiation, and infection. Autologous tissue transfer remains the gold standard for surgical reconstruction, but unfortunately can come with significant complications. The development of an on-demand, geometrically tunable tissue engineered substitute with an inherent vascular supply would transform reconstructive surgical practice, but regeneration of thicker or larger tissues of clinically relevant size remains a challenge due to poor oxygen diffusion into cells within these constructs. Hemodynamic shear stress alters cellular morphology and biological activity, especially luminal endothelial cells within blood vessels. However, these mechanisms have only been studied in isolation in vitro, and work within complex vascular networks has remained elusive. We have thus fabricated a unique three-dimensional vascular anatomy regime with various geometric angles to study the effects of differential shear stress on endothelial cell behavior.
METHODS:
A multi-hairpin channel geometry with a diameter of 1.5 mm was designed in SolidWorks and created using a 3D-printer. Flow parameters were calculated using fluid simulations performed by Ansys Fluent to determine expected shear stresses throughout the channel. A Pluronic-F127 multi-hairpin channel was sacrificed in type-I collagen creating a central microchannel with encapsulated human placental pericytes in the collagen bulk. Subsequently, human aortic smooth muscle cells were intraluminally seeded into the macrochannel, followed by human umbilical vein endothelial cells 24 hours later. Constructs were statically cultured for 72 hours followed by dynamic perfusion at 10 dynes/cm 2 for 10 days. After 14 days of culture, constructs were analyzed for changes in endothelial phenotype. Images were analyzed in ImageJ (NIH).
RESULTS:
Fluid simulation verified the presence of different shear stresses at various regions in the channel. Acute angles provided regions of higher shear stress, and the plenum facilitated higher vorticity. The geometry allowed for multiple shear regimes within the construct for high throughput analysis. MicroCT analysis revealed the development of appropriately shaped microchannels that recapitulated the 3D printed geometry. Hemotoxylin and Eosin staining revealed the adherence of vascular cells along the microchannel. Regions of interest were stained with DAPI and confocal microscopy was used to take scans of the whole section. Images were converted to binary and the distribution of bulk cells around the vascularized microchannel was determined. Distribution of bulk cells was found to primarily localize around the microchannel, with 39% of cells being within 500μm of the microchannel. Although bulk cells were originally randomly mixed into a homogenous distribution, the localization of bulk cells suggested that the presence of shear stress promoted bulk cellular migration.
CONCLUSION:
Using our novel platform, we have fabricated an anatomically appropriate vascularized model with different geometric angles to study flow dynamics and the effects of differential shear stress on recruitment of bulk cells to stabilize the neovessel. This physiological model overcomes the limitations of previous 2D and 3D flow studies with the potential to recapitulate in-vivo cell organization. We have integrated the capabilities of 3D printing and tissue engineering to develop printable biologically derived, cell-friendly hydrogels.
Transcriptome Analysis of Fetal Versus Adult Hair Follicle Dermal Papilla Cells Reveals Key Differences to Explain the Lack of Human Adult Hair Follicle Regenerative Capacity

PURPOSE:
The ability to tissue engineer new hair follicles will help several patient populations, from people with androgenic alopecia to those who have suffered severe burns. In addition to cosmetic appearance, the hair follicle moisturizes the skin, provides protective sensation, and regulates body temperature. While the body can regenerate skin through normal wound healing and scarring, hair follicles are not replaced and burn patients suffer from dry, brittle skin and disfigurement. Interestingly, human fetal skin can regenerate new hair follicles, a capability which is lost after birth. Isolated human fetal hair follicle dermal stem cells (dermal papilla or DP cells) induce hair follicle regeneration in mouse models while adult DP cells do so with very low efficiency. Clearly, a change occurs in the DP cell population over time, corresponding to a loss of regenerative capacity. To identify the genes and pathways responsible for follicular regeneration, we compared the transcriptomes of fetal and adult DP cells.
METHODS:
Dermal papilla cells from mature hair follicles in anagen phase were manually microdissected from frozen sections of 16-18 week human fetal scalp and 36-56 year old adult scalp. The dermal sheath (DS) and portions of interfollicular dermis (IFD) were used as controls. There is evidence to suggest that the dermal sheath also serves as a stem cell niche for the hair follicle. Total RNA extracted from the dissected cells was processed into RNA-seq libraries using Nugen's Ovation RNA-Seq System V2 and Ovation Ultralow Library System V2. 100 million total reads with a read length of 1x75 bp were sequenced for each sample using the Molecular Genomics Core at USC. Libraries were mapped to the human genome (hg19) using STAR and differential expression analysis was performed with EdgeR.
RESULTS:
A set of genes uniquely upregulated in the fetal DP as compared to adult DP, fetal IFD, and adult IFD populations was identified. The fetal DP and DS transcriptomes differed more significantly from the IFD population than did the adult DP and DS groups, suggesting that the DP and DS stem cell populations become more similar to interfollicular dermal fibroblasts with age. Shh, Wnt/bcatenin, and Notch signaling pathways were upregulated in fetal DP cells compared with adult DP cells. Notably, the Shh pathway was largely absent from the adult DP cell population. Many of the factors upregulated in fetal DP cells, such as Hey2, Sox2, Shh, and Msx1 are known to play a role in morphogenesis, stem cell pluripotency, and embryogenesis.
CONCLUSIONS:
Our data reveals many transcriptional differences between fetal DP cells, which can induce hair follicle regeneration, and adult DP cells, which cannot. Differential expression analysis demonstrated that multiple signaling pathways associated with stem cells and morphogenesis are upregulated in the fetal DP cells, suggesting that these same pathways may also confer the regenerative capacity. We have identified a set of candidate transcription factors to evaluate for use in transcriptional reprogramming of adult dermal fibroblasts into fetal-like DP cells with hair follicle-inducing capacity as a first step towards tissue engineering new hair follicles. PURPOSE: Service men and women commonly suffer extensive high-energy soft tissue damage to the face and limbs. Associated volumetric muscle loss can lead to devastating functional deficits. While existing therapies can help restore cosmesis, reconstructive options to restore function remain significantly limited. The use of decellularized extracellular matrix (ECM) has yielded promise in regenerative medicine, but no successful strategies yet exist that induce in situ regeneration of functional skeletal muscle. This study aimed to compare the myogenic capacity of commercially available acellular dermal matrices (ADM) to native dermal and muscular decellularized ECM.
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METHODS:
41 Sprague-Dawley rats underwent surgery to create bilateral 10 mm circular latissimus dorsi defects. Defects were assigned to defect alone, or implantation of AlloDerm®, Strattice™, decellularized rat muscle (DCM) or decellularized rat dermis (DCD). 30 and 60-day timepoints were analyzed. Decellularized native matrices were prepared from fresh tissues using a novel SDS protocol optimized to reduce encapsulation. Specimens were
